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ABSTRACT 


Finite-amplitude standing waves in air at ambient 
temperature contained within a tuneable, rigid-walled, 
rectangular cavity were experimentally investigated. The 
effects of various geometrical perturbations on the harmonic 
content of the observed pressure waveform in the presence 
of degeneracies were compared to theory. Theory and experi- 
ment agreed qualitatively in that shape of the resulting 
curves have the correct form, but significant differences 
in the level of the second harmonic were frequently 


observed. 
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In 1968, Coppens and Sanders [1] applied a one-dimensional 
nonlinear, acoustic wave equation with a dissipative term 
describing absorbtive losses to rigid-walled, closed tubes 
with large length-to-diameter ratios. They later expanded 
this model to incorporate empirically determined losses 
and phase speeds [2]. The model was further extended to 
include two-and-three-dimensional cases, which were experi- 
mentally investigated in rectangular cavities by Lane [3], 
Devall [4] and Slocum [5]. 

One of the significant results of these latter investi- 
gations was that the agreement between theory and experiment 
deteriorated when degenerate modes were present. It was 
clear that at the stage of development existing at that 
time, the theory was not able to account for the effect of 
modes degenerate to members of the family of the driven mode. 

The purpose of the research reported in this present 
thesis was to study the effects of these degeneracies. A 
rectangular cavity was designed and constructed so that one 
wall could be moved and secured at various positions to 
introduce or remove degenerate modes as desired. The primary 
interest was to make a detailed investigation of finite- 
amplitude standing waves in air at ambient temperatures in 


rectangular cavity configurations producing degenerate or 





nearly degenerate modes, and compare the results to the 


present state of the model of Coppens and Sanders. 












E 
ES 
el* os* 9310587 wj eg 


e+ahasd bie ESO 


Ii. BACKGROUND AND THEORY 


The study of the distortion of intense acoustic waves 
begun in 1968 by Kirchoff [6] was extended by Lamb [7], 
E018], [9], and by Keller [10]. 

The model of Coppens and Sanders [1] deals with finite- 
amplitude standing waves in rigid walled cavities. It is 
an extension of the Keck-Beyer approach [11] which makes use 
Of perturbation methods and Fourier series representations 
of the waveform.  Coppens and Sanders extended the pertur- 
bation approach to include wall losses predicted by Rayleigh- 
Kirchoff [12], and showed excellent agreement with experi- 
ments conducted in a rigid-walled tube at low levels o£ 
nonlinear interactions. The experimental work by Beech [13] 
and by Ruff [14] showed that at high excitation levels, a 
difference developed between theory and experiment.  Winn 
[15] experimentally demonstrated that the Rayleigh-Kirchoff 
loss mechanisms were not suitably accurate to describe the 
phase relationships observed in real tubes. The model was 
then revised to include empirically determined losses and 
subsequently investigations by Lane [3], extended the 
excellent agreement between theory and experiment to higher 
excitation levels. Devall [4], however, found that if degen- 
eracies existed, the model failed to account for the 


experimentally observed excitation of non-family modes. 





The model of Coppens and Sanders is based on a three- 
dimensional, nonlinear wave equation with a dissipative 
term describing absorbtive losses encountered by plane 
Standing waves in rigid walled cavities. 

The nonlinear wave equation for a viscous fluid ina 


rectilinear cavity may be written as [16] 
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The non-linear, coupled, transcendental equation 


applicable to a real, rectangular cavity driven near a 


resonance is [16] 
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R = Fourier coefficient of n harmonic 
component, normalized such that R, = 1 
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The values of o and 4, are to be experimentally 
determined from the infinitesimal-amplitude behavior 
Sethe cavity. 

For perturbed boundaries, the total pressure near 


resonance is [16] 
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A computer program [16] was made for the solutions of 
equations (2) and (4). The inputs of this computer program 
are, Q's, E's of the modes (where the E's will be defined 
we ection III.D), cavity dimensions, and amplitude of 


perturbation for each configuration. 
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III. EXPERIMENTAL CONSIDERATIONS 


A. APPARATUS 

The rectangular cavity used in this research (Figure 1) 
was constructed from 0.982 in. milled aluminum plates. 
Mae interior of the cavity was 12.002-in. long and 2.502-in. 
high, while the width could be varied from approximately 
EN Un. to 7.00 in. in 0.25-in. increments. All joints 
were right angles, to which a thin layer of silicon grease 
was applied prior to assembly to hermetically seal the 
cavity. Table I shows the theoretically predicted normal 
mode frequencies for ideal rectangular cavities corresponding 
to the seven nominal configurations. Figure 2 explains the 
modal designations by indicating the nodal planes for a few 
of the lower modes. Note that, of the 12" x 60" x 2.5" 
configuration the (100) and (020) modes are theoretically 
degenerate. Actual measurements of this configuration 
showed the resonance of the (100) mode to be 6 Hz below 
that of the (020) mode. To adjust the degree of degeneracy 
in finer increments, 0.04 in. shims could be attached with 
rubber cement to the long Side of the cavity. With one 
Shim in place the (100) mode was 3 Hz above that of the 
(020) mode. 

Three types of geometrical perturbations were used. 
(a) The long wall was machined at a small angle (as shown 


in Fig. 3) so that in plane view the cavity had a slight 
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FIGURE 2. MODAL DESIGNATIONS 


trapezoidal shape. (b) The long wall was machined as shown 
in Fig. 4. And, (c) Shims of various widths were cemented 
to the long side of the cavity at various positions, 

ENG 6, f-i). 

The effect of these geometrical perturbations on the 
resonance frequency of the (100) mode could be estimated by 
calculating an "effective" width of the perturbed cavity 
from AL = V/A, where AL is the change in effective width 
due to the perturbation, and V and A are the volume and 
area of the perturbation. 

The effect of the geometrical perturbation on (4) 
was calculated in [16]. 

Acoustic waves were introduced into the cavity by 
means of a piston located in a 2.25-in. diameter port in 
the floor of the cavity. A single lubricated O-ring was 
used to produce a seal between the piston and the port. On 
the side walls of the cavity three other ports were used 
for a 1/4-in. diameter Bruel and Kjaer type 4136 condenser 


microphone. The microphone was mounted in an 0.5-in. diameter 


16 








من رن A‏ 


FIGURE 3. LINEARLY PERTURBED WALL 





FIGURE 4. WEDGED PERTURBATION 
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aluminum case and two O-rings and silicone grease were 
used between this case and the ports for sealing. 

The cavity was specifically designed to study the 
effects of a degeneracy or near degeneracy between the (020) 
and (100) modes, where the (020) mode is a standing wave 
with nodes at 2 and 8 in. along the long wall (12 in.) of 
the cavity and the (100) mode is a standing wave with one 
node in the middle of the 6 in. wall. To determine the 
resonance properties of these degenerate modes a microphone 
port was placed at a node of each of the modes. With the 
microphone at the node of the (020) mode, the properties of 
the (100) mode could be measured, and vice versa. A third 
microphone position, as close to the corner opposite the 
piston as possible, was used to make the finite amplitude 
measurements. The axes of the piston and microphone were 
mutually perpendicular to minimize coupling the mechanical 
Vibration. Since only one microphone was available, two 
plugs were used to seal the unused ports. Both of these 
plugs had two small O-rings to provide sealing. 

A block diagram of the apparatus is shown in Figure 5. 

The piston was driven by an M-B Electronics Model EA1500 
exciter which in turn was driven by an M-B Electronics model 
2120MB Power Amplifier. The driving signal was produced 
by a General Radio 1161-A Coherent Decade Frequency Syn- 
thesizer, configured to provide frequencies precise to 


NOT HZ. 
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The piston movement was continuously monitored by means 
of an Endevco Model 2215 Accelerometer mounted within the 
piston. The output voltage of this accelerometer was 
measured on a Hewlett Packard Vacuum Tube Voltmeter Model 
HP400D. Before every data run the output of this meter 
was checked for harmonic distortion by the Schlumberger 
Spectrum Analyzer. 

The sound pressure in the cavity was sensed by a Bruel. 
and Kjaer type 413b condenser microphone with matching 
preamplifier type 2801. The output of this preamplifier 
went to three other pieces of equipment: (1) a Hewlett 
Packard HP400D VTUM to measure the overall voltage level, 
(2) the Spectrum Analyzer, (3) a Hewlett-Packard HP302A 
Wave Analyzer with. 7 Hz bandwidth set to AFC (Automatic 
e quency Control), so that it automatically followed the 
fundamental frequency as the frequency slowly varied. 

To minimize the possible effects that could occur due 
to the vibration coupling of the cavity and exciter, the 
cavity and exciter were mechanically isolated by placing 


them on a 5/16-in. sheet of rubber acoustic isolation pad. 


B. STRENGTH PARAMETER AND MICROPHONE SENSITIVITY 

The strength parameter SP is the basic quantity which 
characterizes the strength of the finite-amplitude inter- 
action. To determine SP, it is necessary to know Pi; which 


in turn can be calculated from the microphone output voltage 
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Vi if the microphone sensitivity Sy is known. The micro- 


phone sensitivity, obtained with a Bruel and Kjaer model 


4220 pistonphone, was 


S = (1-567 0.03) x10" Vol+/(w /m?) 


Then, using 
SP= MBQ, 


where 
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we have, 


SP = 7.07» 10 v, G, 
(5) 
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where 


ب 
1 


RMS voltage output of the first harmonic 
at the microphone, and 


0; 0 7215 02 che driven mode. 
Es FREOUENCY PARAMETER 


The frequency parameter, defined by 


FP=20,(4-f,)/4 0 


normalizes the driving frequency f to the corresponding 
resonance frequency fi of the system. For example, FP equal 
to £1.00 corresponds to driving the cavity at the 1/2-power 


points of the fundamental resonance. 


PEEMUHARMONICITY COEFFICIENT 


A quantity E(n), defined by 


fa- nf, 


E(n) = 一 一 一 (7) 

nf 

1 
indicates how well the modes of a given family are tuned, 
i.e., how closely the resonance frequency of the nth mode 
of the family agrees with n times the resonance frequency 

of the gravest member of the family.‏ د 

The relationship between harmonicity coefficient and 


frequency parameter is approximately given as 
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۸٨ DATA COLLECTION PROCEDURES 


A. PRERUN PROCEDURES 

To keep frequency drift to a minimum, the system was 
warmed up at least one hour prior to data collection. 

After this warmup period the piston was adjusted so that the 
harmonic content of the accelerometer output as analyzed 

on the Schlumberger Spectrum Analyzer was at least 50 dB 
down from the fundamental. 

To keep the strength parameter, l.e., V1 ， constant as 
the driving frequency was changed it was necessary to drive 
the piston at greater amplitudes for frequencies away from 
the resonance frequency. Since this tended to produce 
greater harmonics content in the piston motion, it was 
necessary to use rather low strength parameters when the 
experimental plan required measurements at frequencies far 


(>5 Hz) from resonance. 


B. RUN SEQUENCE AND DATA ANALYSIS 

Data were collected in three parts: a pre-run infini- 
tesimal-amplitude measurement, the finite amplitude run, and 
a post-run infinitesimal amplitude measurement. The tables 
in Appendix B show the data collected. During the pre-run 
infinitesimal amplitude measurement, the piston was driven 
at less than 0.1V (rms). Because the (100) and (020) modes 
were nearly degenerate, measurement of the properties of 


the (100) mode were made with the microphone in port C, 
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while meaSurements of the (020) mode were made with the 
microphone in port B. All nondegenerate modes were measured 
at port A. The resonance frequency Ge of a mode was found 


from 





f. > fuath 
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the Q from 


f- 
Ch 


and the harmonicity coefficient from 
)با‎ 
E = n 1 
| n 
f, 


where T; and i, are the frequencies of the upper and lower 


Q = 








half-power points, and f is the resonance frequency of the 
nth member of the (010) family. An E is also calculated 


for the (100) mode from 


E 
t, 


where £, is the resonance freguency of the (100) mode and 





f, is the resonance frequency of the (020) mode. 


The microphone output voltage V, necessary to obtain 


Į 
the strength parameter required for the finite-amplitude 


run was then calculated from Eq. (5). 
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All finite-amplitude measurements were made at port A. 

To keep the strength parameter the same for all frequencies, 
it was necessary to adjust the driving voltage applied to 
the piston so that the microphone output voltage V1 as 
measured on the HP302A Wave Analyzer, remained constant. 
During the run the frequency was increased in 0.3 Hz. steps 
at 5 or 3 minute intervals. At each driving frequency, the 
harmonic content of the microphone output was measured with 
the Schlumberger Spectrum Analyzer. 

During the post-run infinitesimal-amplitude measurement, 
the pre-run procedure was repeated. The values of Q and 
E used for input to the theory were the average of the pre- 
and post-run measurements. 

The finite-amplitude results are presented as the percent 
harmonic as a function of frequency parameter for a given 
strength parameter and given perturbation. The percent 
harmonic in the microphone output was found by taking the 
voltage levels VL, read on the Schlumberger Spectrum Analyzer 


and converting them to voltages VS by 


مال 


20 
V_ = 100x {0 (mv) 


athen dividing by V To find the frequency parameter 


1° 
to sufficient accuracy it was necessary to know the resonance 
freguency of the (010) mode at the instant the finite- 


amplitude measurement was made. Previous investigations 
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[3], [4], and [5] have shown that the drift in resonance 
frequency 1S approximately linear with time. Therefore, 
the pre- and post-run resonance frequencies for the (010) 
mode were plotted vs. time and a straight line drawn between 
them. The resonance frequency at any time between these 
two runs could be estimated directly from this graph and 


the corresponding frequency parameter found from 


EP = dps 


where f is the driving frequency and fi the value of the 


(010) resonance frequency at the time the finite-amplitude 


measurement was made. 
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V. RESULTS 


Figure 6 shows the cavity configurations investigated 
in this thesis. All shims are 0.04-in. thick and reach 
meemeche floor of the cavity to its ceiling. ` 

Figure 7 shows the infinitesimal amplitude response of 
eme unperturbed cavity for configuration a. At port A, 
both the (100) and (020) modes are observable with their 
resonance peaks separated by 6 Hz. At port B the (020) mode 
predominates but the (100) mode is still apparent. At port 
C the (100) modes predominates with only a small amount of 
the (020) mode present. Figure 7 shows the results of the 
finite-amplitude theory and experiment of this unperturbed 
configuration. The strength parameter (STRPM) is 0.399. 
This and the cavity parameters used in the theory are shown 
at the top of this figure. The continuous lines are the 
theoretical predictions and the D are the experimental 
results. The theory and experiment are in good agreement 
and the observed differences are within experimental error 
as determined from repeated runs. 

Figure 9 shows the results for the perturbed cavity 
(configuration b). The theory predicts no excitation of 
non-family modes by a perturbation of this form and none 
is observed experimentally. Again the theory and experiment 
agree to within the expected experimental error. (The 


behavior of the third harmonic for frequency parameters less 
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than -2 1S probably due to third harmonic introduced into 
the cavity by the piston which must be driven very hard 
this far from resonance.) 

Figures 10 and 11 show the results for configuration c. 
The thin continuous line shows the theoretical predictions 
without applying the perturbation correction and the thick 
continuous line shows the predictions with the perturbation 
correction. For the second harmonic, the frequency at which 
the effect of the perturbation occurs and the magnitude of 
this effect predicted by the theory are in good agreement 
with the experiment. However, there is a large discrepency 
between the magnitude of the predicted and experimental 
second harmonic which disappears on the side of the curve 
away from the perturbation. The third harmonic is so weak 
that it is impossible to make any comments about it. 

If the cavity wall is moved back, thereby separating the 
degenerate modes by 45 Hz, as shown in Fig. 12, the effect 
of the perturbation, as predicted by theory, is very small 
(Fig. 13), but the experiment shows a significant differ- 
ence in magnitude from the predictions - again on the side 
Of the curve adjacent to the perturbation. 

The infinitesimal-amplitude curves for configuration 
d are shown in Fig. 14. The volume of this shim is such 
that the (100) and (020) modes are almost exactly degenerate. 
Figure 15 compared to Fig. 14 shows that the location of the 


shim has no noticable effect on the resonance frequencies. 


29 





To separate the degenerate modes, a "full" shim was 
placed on the long wall of the cavity (configuration e). 
The infinitesimal-amplitude curves for this configuration 
are shown in Fig. 16. The two modes are 3 Hz apart. Ifa 
perturbation is now introduced by another shim (configuration 
f), the resonance frequencies are 9 Hz apart (Fig. 17), 
and the finite-amplitude results are shown in Fig. 18. The 
agreement between theory and experiment is only qualitative. 
The effect of the perturbation appears at the right frequency 
parameter but the magnitude appears to be wrong. At frequency 
parameters greater than 4.7, where the effect of the pertur- 
bation maximizes, the experimental results decrease more 
rapidly than predicted. The different frequency parameters 
at which the theory and experiment achieve their principle 
maximum may be the result of experimental uncertainties or 
it may be a further indication of the qualitative failure 
۶ ۳۵ prediction. 

Moving the shim to the side wall (configuration g) 
does not alter the infinitesimal-amplitude behavior, but 
it does make the theoretical perturbation correction go to 
zero. Figure 19 shows the finite-amplitude results for this 
configuration. The behavior of the experimental results 
probably indicate that extraneous harmonic is being intro- 
duced by the large driving amplitudes needed far from 
resonance. 

To bring the resonance frequencies of the two modes 


closer together a smaller shim was used (configuration h). 
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The infinitesimal-amplitude behavior is shown in Fig. 20. 

The modes are now 6 Hz apart instead of 9 Hz. The finite 
amplitude results are shown in Fig. 21. Once again the 
agreement is qualitative but there seems to be a significant 
quantitative disagreement. This disagreement may be caused 
mens fact that the perturbation correction B, for configura- 


SN h is 0.274 which is much larger than that for which the 


theory should be accurate (B < 0.1). To test this hypothesis 
the perturbation correction was reduced (B = 0.134) by 
moving the shim towards a corner (Fig. 22). Now the effect 


of the perturbation as predicted by the theory is almost 
indistinguishable from the prediction with no perturbation 
(i.e., the thick and thin lines are almost identical), but 
there is a noticable experimental effect for the second 
harmonic. The agreement between theory and experiment for 
frequency parameters away from that near the perturbation 1s 
now excellent. 

To bring the resonances even closer together, the size 
of the shim was further reduced and its position was 
adjusted to produce B = 0.0467 (configuration 1). Figure 23 
shows the resonance 5 Hz apart down from 6 Hz in the previous 
configuration. Figure 24 shows that the effect of this 
perturbation is predicted to be greater than for the previous 
configuration and that the agreement between theory and 
experiment is not as good as for configuration h. 

The effects of increasing B further (B = 0.148) are 


Shown in Fig. 25. The agreement between theory and experiment 
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deteriorates further, but the general characteristics of 
the 1 ns between theory and experiment are the 
Same as observed in all previous configurations. 

To investigate how these differences between theory and 
experiment depend on the position of the (100) resonance 
with respect to the (020) resonance, configuration j was 
used to move the (100) resonance to the low frequency side 
of that of the (020) resonance (Fig. 26). Figure 27 
Shows that the effects are very much the same for the second 
harmonic. Once again the third harmonic seems to be in 
complete disagreement with the predictions of the theory. 
Figure 28 shows the effect of increasing the strength parameter 
5 .لا‎ 29 (from 0.205 in Fig. 27). The agreement between 


experiment and thoery is much better. 
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VI. CONCLUSIONS 


The experimental apparatus uSed in this thesis is 
ideally suited for the study of the effects of geometrical 
perturbations on the finite-amplitude behavior of standing 
waves. While the use of a shim to provide the perturbation 
is convenient and flexible, other forms of perturbation 
should be studied to determine if the form of the perturba- 
tion has any influence on the degree of agreement between 
theory and experiment. 

For the perturbations Studied, theory and experiment 
agreed qualitatively in that the effect occured at the 
correct frequency parameter and the shape of the curve was 
of the same as predicted. However, a Significant difference 
in the level of the second harmonic was observed over most 
of the range of frequency parameters for most cases studied 
with the experimental levels being less than predicted by 
the theory. The exception to this statement 1S one run 
made at a higher strength parameter where the agreement 
between theory and experiment was excellent over most of the 
curve. In all cases, the observed correction in the region 
of the degenerate made was larger than predicted. 

The behavior of the third harmonic was erratic and seldom 
bore any relation to predictions. The levels of the measured 
third harmonic were very low and this may have been a "Signal- 
to-noise" problem, but the behavior of the third harmonic 


deserves further study. 
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TABLE II 


E27 x 10 


a ع‎ 


(See Fig. 8) 
PRE-RUN 
n mam.) Er t. t. Q E 
010 0 566.28 564.08 565.18 256.9 0 -5 
020 7 ۱ 1129.89 112312335 391.46 76.63 x 10, 
030 8 1698.86 169832 1697.03 465-07 75.5 x I0 —4 
040 al 2266.18 2261.88 2264.03 526.52 12.69 x 10_, 
100 4 1128.18 1025.07 1126.625 20620252 33.573210 
FINITE-AMPLITUDE RUN 
Emin.) (HZ). V, (dB) V (GB) V, (dB) ۷2/۷ V/V) ۷/۷۰ 
16 563.3 -21.5 -42.7 一 0.0382 0.0033 一 
21 563.6 -20.6 -41.3 - 0.0424 0.0039 ~ 
26 563.9 -19.2 -39.7 -54.5 0.0498 0.0047 0.00085 
E 564. 2 -18.6 -38.1 -52.2 050534 2020056 0.0011 
36 564.5 -17.8 -36.1 -50.1 0709585 -0:007 0.0014 
41 564.8 -16.5 -33.8 -47.3 0.068 0.0093 0.0019 
46 565.1 -15.4 -31.5 -43.2 02077 0 2 0 . 3 
51 5695.4 -]4 -27.7 -39.1 0.09 0.018 0.005 
56 565.7 -]2.7 -24.7 -34.8 92105 0.026 0.0083 
61 566.0 -12 -02 -31.9 4 0.036 0.0115 
66 566.3 -11.5 -20.7 -30 07 070419 0.4 
Sall 566.6 -11.9 -21.3 -29.8 081150: 710.039 0.014 
76 566.9 -12.8 =23.1 -31.4 0. 1040" 10032 02012 
8l 56772 -14 -25.5 -34.6 0209 — 0:024 0.008 
86 567.5 2-5 -28.4 -38.6 0.0760. 0.018 0.0053 
91 567.8 -16.5 -31.5 -42.5 0.068 0012 0.0034 
96 568.1 -17.4 -34 2 -46.8 0.0613 0.088 020021 
101 568 . 4 -18.4 -36.9 -50 02055 055065 2020014 
105 568.7 -19 -38.1 -53 0.051 0.0056 لا‎ -00I 
POST- RUN 
n Emin.) fa t. E, 8 E 
010 113 567.48 565.3 566.39 259.81 0 ۳ 
020 118 MES 120138. 83 390.97 83.86 x 10 ې‎ 
030 114 170219 16565 1700.57 442.85 82.39 x 10_, 
040 7 2271 0 226660 2268.84 515.64 13.59 x 10, 
100 120 IN ۴٢ 9۶ 110127559 101129718. 351.77 =32.97x 10 
AVERAGE VALUES OF Q'S AND E'S 
n Q E 
010 258236 0 -5 
020 894 22 794 745 xX LU, 
030 453.26 75 9335 X 10_, 
040 S2108 1۳۳۳ 2 x 10, 
100 957 -33 





TABLE TT 


(See Fig. 9) 
PRE- RUN 
n min.) fa ft P Q E 
010 0 567.08 564.89. 565.985 258.44 0 _5 
020 4 1134.3 1131.56 1932293 413.47 78.62 x 10 - 
030 6 1701.68 9 1699.79 449.68 Dod: 10 ې‎ 
040 10 2270.96 3 2265.13 200892272 170,03 x 10 z 
100 ن1‎ ۱۳۱۰ 0 TIS} 1134.71 NS 2 P22, 7 X لا‎ 
FINITE AMPLITUDE RUN 
Iun.) f(Hz) V, (dB) V, (dB) V4 (dB) V/V] ۷/۷۰ MAS FP 
21 563.0 264 -48.4 - 0.0239 0.0019 一 -2 . 4 
26 5559 2 -7 m 0502272070022 - -2.61 
51 563.6 226 2 246,1 = 0.0244 000247 = -2.38 
36 563.9 ST -45 7 - 0.0278 6 = -2.15 
41 564.2 -24.2 455 - 02053 0.5 - 1.93 
46 564.5 2 245 1 = 0405572070027 - um 
51 564.8 ocn -44.1 - 0:035- 70.0031 = -1 8 
56 565.1 -20.9 -43,9 一 0.045 70.0032 - -1.255 
61 565.4 د دي‎ -41.3 2 0205 050043 0 0011837 17:02 
66 557 20 -38.8 un 000507. 80, 0057220500123 O9 
pu 566.0 -17.4 ار و رگ‎ =50.5 nono 0007800014977 
76 566.3 ES -32.9 Az. opus 0011352 -0.34 
81 566.6 -14.9 = 22) E A EE 00167 002003747 >06 
86 566.9 cis -26.5 EC ) 7 0 0276 00006592027 
91 5672 -13.1 -24.3 259 05 Dal 0.0704 0.0105 0.34 
96 567.9 ٢ -24.1 -32.1 DU 09308. —0:0124 0.56 
NOT 567.8 t E -26.1 =33.7 009002 09079247 الا‎ 0.787 
106 568.1 ze -29.1 -37.4 0 09229000 47 0. 0067 1.019 
Ill 568.4 EG -32 3 -42.3 ۱۱۳ 012 7250250055 1.24 
116 563. 7 2 ا‎ -35 -47.4 05067 000868 020021 18 
121 569.0 -18.8 EU -49.1 02.057. 52020067 7020077 || 
126 569.3 219 9 E58 S10 0.5 0-0056 00-3 1.92 
ږه 221 569.6 دا‎ -40.9 - 0.042 0.0045 - 201/55 
136 569.9 =22.4 =42.3 = ور‎ 35 = 22378 
POST-RUN 
n t (min. ) fa £r f. Q E 
010 134 563,37 566.09 567.23 242 ۳۸۰ ۵ -5 
020 142 11505955 1132. 9507 — 1135.4 ار‎ 51 8286 X 10_- 
SOL 138 ۱۳ OS LOL. 25S 1703.15 448.51 78.74 x 10 s 
040 140 2257 2269.5 222 105:76 138.4 x 10_- 
100 145 1138.9 MES هد لن‎ 222.53 x 10 
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AVERAGE VALUES OF Q'S AND E'S 


E 

61 0 E 
49 80.74 x 10; 
.935 88.54 x 10 > 
24 154.215 x 10_ 
83 222.115 0 
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403. 
304. 
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010 
020 
030 
040 
100 





TASTE TY 


(See Fig. 11) 
PRE- RUN 
n (E i, E, - Q E 
010 0 56755 565.05 506.175 2516 0 -3 
020 5 1125874 1722218 1412579 349.0 -7.39 x 10, 
030 2 1695.76 1691.57 1693.67 404.2 -2.6 x 10_, 
100 7 1134.8 1134:27 1136.0 460.0 10.8 x 10 
FINITE-AMPLITUDE RUN 
emin.) f (Hz) V, (dB) V4 (GB) ۷/۷۰ ۷ FP 
15 560.0 -32.4 255,2 0.0193 0.0014 -5 
15 560.3 -31.6 -55.5 0.0212 0.0013 -5 
21 560.6 -30.6 -56.2 0.0238 0.00125 -5 
24 560.9 -29.5 -56.5 0.027 0.0012 -4 
27 561:2 -28.4 -57.2 0.0306 0.0011 -4. 
30 561.5 -27.0 一 0.036 = -4. 
33 561.8 -25.8 一 0.0414 - -4. 
36 5621 -25.0 — 0.0453 - -4. 
39 562.4 -24.7 一 0.0469 三 -3 
42 562. 7 -24.9 一 0.0458 = EE 
45 563.0 225.5 - 0.0428 = E 
48 503.3 O4 一 0.038 = -3. 
51 563.6 -27.4 - 0.0344 - -2. 
54 563.9 -28.5 一 0.03 = — 
57 564.2 -29.5 -58.1 (05077 0.001 一 2 
60 564 .5 -30.4 -57.5 0.024 0.001 - 22 
63 564.8 -31.4 一 0.0217 - =). 
66 565.1 -32.4 - 0.0193 一 -1. 
69 565.4 -33.2 - 0.0176 = -l. 
72 505.7 2 - 0.0157 > - |. 
15 566.0 -35.1 - 0.0142 = -1. 
78 566.3 =36.1 = 0.0126 = =0. 
81 566.6 -36.5 o 0.012 0.00125 -0. 
84 566.9 5016 252.2 0.0119 0.00198 -0 
87 597.2 30.0 -51.1 0.0127 0.0022 -0 
90 567.5 -35.0 -49.6 0.014 0.00267 0. 
539 5678 -33.9 -50.9 0.0163 0.0022 O. 
96 508.1 -33.4 -53.6 0.0172 0.0016 0. 
99 568.4 nA -56.5 0.2 0.0012 O. 
102 568.7 -33.8 一 0.0164 一 0. 
105 569.0 -34.1 一 0.0159 = يا‎ 
108 569.3 -34.6 = 0.015 = 1 
Il 569.6 =35.1 - 0.0142 = SÉ 
NS 569.9 一 32 .6 一 0.013 = SE 
۳1 570. 2 -36.1 一 0.0126 = 23 
120 570.5 =36.6 - 0.0119 = 2 
123 570.8 2-2 - O OL D 
126 51 =38.0 一 0.0101 = 25 
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435.64 -2.79x10 


11 10% 


468. 


TABLE IV Cont.) 


AVERAGE VALUES OF Q'S AND E'S 


E £ IE 
u L r 
369.07 566.85 367.96 
1129.08 1258 1127.48 
111015 1697.05 1699. 
158, 36 135293 TEST 
0 E 
2997 0 =3 
330 7 -/.495 x 10_, 
419.8 = 22095 7X 10, 
464 下 Us 10 
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POSTS RUN 


AA) 


n 
010 
020 
030 
100 


n 


010 
020 
030 
100 





TABLE V 


(See Fig. 13) 
PRE-RUN 
n Emin.) > f. I Q E 
010 0 568.6 SOGNO 567.485 254.47 0 3 
020 6 1 1ل لگ‎ 5 1١72 386.25  -2.99 x 10 5 
030 3 1699.75 1696 1697.875 452.76 -2.7 x 10_3 
100 9 1088.5 1085. 15 1086.3 92453 743234 x 10 
IEDNITE-AMPLITÜDE RUN 
Benin.) ERZ) V, (dB) V4 (8B) VAN: ۷ PP 
46 560. -44.1 -51.1 0.005 - -7.35 
49 560.3 -43.5 -51.5 0.0055 一 -7.12 
52 560.6 -43.1 - 0.0058 - -6.88 
S5 560.9 -42.1 -51.4 0.0065 = -6.7 
58 501% 2 -42.1 - = - -6.43 
61 51.5 -41.5 - 0.007 - -6.2 
64 501.8 -40.8 - 0.0076 - -5.98 
67 562.1 Al - 0.0073 - -5.75 
70 562.4 -40.8 - 0.0076 - -5.53 
73 562.7 -40.4 - 0.0079 - -5.28 
76 563.0 -39.7 -50.0 0.0086 0.0026 -5.06 
79 563.3 -38.8 -48.9 0.0095 0.00299 -4 . 3 
82 563:6 -37.9 -48.2 0.0106 0.0032 -4.6 
85 563.9 -36.9 -48.4 012 0.00316 -4.38 
88 564.2 -35.8 -49.1 020135 0.0029 -4.17 
91 564.5 =35.1 -50.3 0.0146 0.0025 -3.93 
94 564.8 -33.9 -50.8 0.0168 0.0024 -3.7 
97 Soo. -33.1 - 0.0184 - -3.46 
100 565. 4 -32.1 -50.6 0.02 0.00246 -3.23 
103 565.7 -31.2 -50.2 0:7023 0.0026 -3.01 
106 566.0 -30.1 -47.6 0.026 0.0034 -2.78 
109 566.3 -29 -46.6 0.029 0.0039 -2.56 
112 566.6 -27.8 -45.1 0.034 0.0046 -2.33 
11 566.9 -26.4 -43.8 0.0398 0.0053 =2.1 
IS 567.2 -25.1 -42. 0.046 0.0066 -1.86 
1523: 567-5 -24 -40.1 0.052 0.0082 -1.65 
124 507.8 225 -39.0 0.058 0.0093 -1.4 
127 568.1 -22.9 -38.9 0.0596 0.00945 -1.18 
130 568.4 -23.6 -41.1 0.055 0.0073 -0.96 
5 568.7 -24.8 -43.1 0.048 0.0058 -0.73 
136 569.0 -26.1 -45.2 0.041 0.0045 -0.5 
139 569.3 -27.3 -47.3 0.035 0.0035 -0.28 
142 569.6 -28.5 -49.5 020931 0.0028 -0.05 
145 569.9 -29.6 -53.1 0:027 0.0018 0.17 
148 52002 -30.5 -55.7 02025 0.0013 0.41 
151 97055 2 2 -57.1 0-023 0.0011 0.62 
154 570.8 -31.9 - 02021 = 0.86 
157 Sy el -33.0 - 07018 - 1.09 
160 571.4 05 - 0.016 - 13 


AS 








TABLE V و‎ 


n emin.) fa fr = 0 

010 149 570.87 568.65 569.76 256. 
020 151 1138.05 1134.38 ۱۱0۰ 2 1 309. 
030 150 1707.2 ۱ 8 17045 200 
100 N6 10991. 7 17088235 108925 328. 


AVERAGE VALUES OF Q'S AND E'S 


n Q E 

010 255-576 0 -3 
020 215 -2.84 x 10.4 
030 293.5 -2.72 X 10_, 
100 26.0 =43 340 10 


66 





O O (OD‏ ربب نب دم بي يم نام رح زرحم زرح رم رن 


26 dé 6 


- dt 
فقا‎ CO N 


LO WW HO 


لتا 


20021 
20027 
.0034 
.0046 
.006 

.0076 
2009 

. 0093 
. 0086 
2007 

10052 
. 0036 
. 0028 
10022 


COD‏ تت CO C9‏ ب C9. C) CO CO C) CO‏ @ می یی لت می 


238 
365 
424 
599 


TABLE VI 
(See Fig. 18) 


PRE-RUN 

n t (min. ) fa f. t. 

010 0 564.45 562209 563.26 
020 7 11730247 ASS 1128.9 
030 4 1697.7 1693.7 1695.7 
100 10 1139.36 112 1137-6 

FINITE-AMPLITUDE RUN 
e mn.) f (Hz) V. (dB) V, (dB) ۷/۷ 
16 558.0 -44.2 - 020051 
19 55373 -43.4 - 0.0056 
22 5586 -42.8 - 06 
25 558.9 -42.9 一 0.0059 
28 559.2 -42.1 - 0.0065 
> 99959 -41.9 - 020067 
34 559.8 x - 02007 
37 56071 -40.6 - 0.0078 
40 560.4 -40.2 - 0.0081 
43 560.7 -39.9 = 0.0084 
46 561.0 -39.3 - 0.009 
49 561.3 -38.9 = 0.0095 
52 561.6 -38.5 - 0.0099 
55 561.9 -38.1 - 0-01 
58 562.2 -37.6 - 0-011 
51 562.5 DD 一 0.0113 
64 562.8 -36.2 - 000015 
67 56 ۰ 1 -35.4 - 0.014 
70 563.4 -34.2 = 0.016 
73 563:7 -33.1 = 0.078 
76 564.0 -31.9 -55.9 02027 
79 564.3 -31 -54.1 0.023 
82 564.6 -29.8 -52.0 0.027 
85 564.9 -28.2 -49.8 0.032 
88 565.2 -27.1 -47.6 02037 
91 509-5 -25.9 -45.1 0 
94 56558 -25.1 -42.7 0.046 
97 566.1 -24.8 -40.8 0.048 
100 566.4 -25.6 -39.3 0.044 
103 566.7 AN -39.0 0.037 
106 567.0 -29.2 -39.7 0.029 
109 567-3 Ai -41.4 05025 
۳12 567.6 -32.9 -44 0.019 
215 567.9 -34.2 -47.1 0.016 
118 568.2 -35.6 -49.4 0.014 
121 568.5 -37.1 -51.4 0 
67 





3 


OOOO O oO 


OT OT الا انا‎ 0 au CO 


TABLE Cont.) 


t (min. ) H2) V, (AB) V4 (GB) vv 
124 568.8 ED د کي‎ 11 0 75 
144) 555 لر‎ 559. 2 -54.0 0.0091 
130 569.4 239:5 =54.9 0.0088 
د دد ئي 1 - 509:7 د دا‎ 0.0092 
136 50 239 SL 0.0098 
59 570.3 -36.4 29813 020726 
142 27026 2:55.10 999 0.0148 
145 2-939 9 = 0.013 
148 51 2 - S 010112 
151 S715 25990 = 0.0093 
154 . 58 -41.2 = 0.0072 
157 Ba! 245.3 = 0.0057 
ROS T=RUN 
n ndm) fa E, E, 
۱۷ 156 566.48 564.18 265 313 
۱۳۱ 159 1134.45 2131225 1192.35 
|| 158 ۱/۰ و‎ 1699.79 1 
MO 160 1143.47 1139:97 1141.7 


AVERAGE VALUES OF Q'S AND E'S 


n Q E 

010 242.0 0 _ 
0 0 25975 1 د71‎ LO 
030 426 .5 SEG KEIO. 
100 25 9161 <" 10 
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00 00 00 OO + J O OY Ox O Ui Ui Ui i» vs GA GA UN DN -PPPOOOO 


O ON 
لا ل ړل‎ 
K o PS 


eA UN O‏ له 


tj 


Q 


244.47 
20 11.) 
447.1 
36577 


OOO OOO 0 9 99,5 
O 
O 
OO 
n 
NO 


158) 


JE 


E 


42735 


56 


11290955 
1694.85 
1194335 


EA 


.0188 
. 0214 
.0254 
031 
2099» 
.0479 
.06 

-0797 
.0742 
30695 
10557 
. 8 
2038 


¿026 

022 

SUS 

. 0164 
.0146 
.0124 
.0106 
.0084 
200035 
.0046 
.0044 
.0046 
21061 
.0086 
OL 
OL 
. 0135 
.0141 
.0145 
0153 
OSO 
.0145 
.0149 
.0156 


3 3 © هه 3 3 ه‎ CO OG هت ه ه‎ CO CQ) CO CO (DO CO CO CO (OO هته ی ی ات‎ 95: 9 9999979905 


TABLE VII 


(See Fig. 
PRE-RUN 
n t(min.) Es ET 
010 0 565.89 563.58 
020 6 1 ۱ 15 1128.46 
030 3 1696.48 1692.69 
100 8 1138.89 1135278 


LIT ETE-AMPLTTUDE RUN 


mnn.) E (HZ) V^ (GB) (ظة) ج17‎ 
Ja 562.4 SE = 
20 562:7 2115 E 
23 5630 د لاک‎ = 
26 5633 =28:6 -48.6 
29 563.6 =26. 7 -46.9 
32 563:9 -24.8 -44.0 
35 564.2 228 209 
38 564.5 5 =36.6 
41 564.8 0 7236206 
++ 5651 zu 23999 
47 565.4 221395 =43,5 
50 205.7 2-0 -45.4 
53 50670 251818 =4 7:8 
56 566.3 223.6 -49 .0 
59 566.6 Ek -50.4 
62 566.9 د لت و‎ MES 
65 367.2 د درد يي‎ = 
68 507.5 3171 = 
pl 56 8 2235 1 = 
74 So = 30005 = 
77 568.4 2 دک‎ 3 
80 568.7 23919 = 
83 5690 -43.6 = 
86 569.3 -45.1 = 
89 DOSES -45.4 m 
52 5919 -45.1 = 
55 2100 242.7 = 
98 57029 =39.7 = 
LOL 570.8 2 = 
104 Sun] mo = 
107 3,1,4 EOD 3 = 
10 De} -35.4 = 
3 3:2 0 د د يي‎ = 
116 57223 309 = 
9 5426 235.5 = 
T22 529 = 39302 = 
125 DEA 23499 = 
128 573:9 -—34.5 = 
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JR MO 


لتا 


206967 
367.44 
441.70 
562.08 


- 
= 
E 


(COME) 


£ 

r 
63625 
د112‎ 77157 
1691-5 
111195 


L5 NOL, 
2 
.165 x 10 


JACO jN 


25 


دد 


70 


Q 


257 
EZ 


444. 


365 


TABLE VII 
٢ dé 
564.67 562.58 
1177 11255 
1693.6 1689.77 
1136.98 RS 7 
E'S 


POST=RUN 


EMIN.) 


129 
1732 
15% 
SS 


AVERAGE VALUES OF Q'S AND 


11 


010 
020 
030 
100 


010 
020 
030 
100 





نب نن ب ثم يرقم فم زح زرخ de e BR BO WW WMYDN‏ 


2 
3 
3 


و 
— 
2 
zm‏ 
1 
اي 
.]- 
Ue‏ 
“ات 
0 


E 


0 


772 2108 
۱۳۰۰ DR 
558 < 10 


253 
378 


456.5 


VY 


.0046 
.0067 
20073 
.0081 
.0074 
.0057 
.0043 


2 OOO OO (D C) C2 كت‎ €D CD 


359 


675 


00 UI GA 


VY 


-0095 
20099 
-0103 
OL 
.0114 
SER 
-013 
0149 
-0167 
2019 
2022 
025 
1029 
-035 
2029 
.043 
.042 
. 034 
.026 
202 
.016 
.0154 
.0163 
z021] 
2075 
.024 
1023 
SEI 
. 4 
«0124 


كت تک ې قت تت كت CO Oo‏ هته كك هته هته یی © كك تت © © ی © © 83 © 3 هت C9)‏ تا © SO‏ 


TABLE VIII 


21) 


5598 
1130. 
1693; 
ES. 


(See Fig. 


۳ 

562.56 
1128.8 
1691.66 
1134.19 


169437 
1۳ 353 


۳ ۲۳۱۳۲۲ ۴ 1۲ ۲ لا لا‎ RUN 


| 
کل‎ 
pa 
Ue PP ON RA ON 00 (4 UN VO ON 


y 


V, (GB) 


GA OO 00 i» Ui Q Ul -J . NNO OO q -J ١ نا نا (م‎ 0150 Ho P نب‎ 


Ne, 


2 


238 
EE 
on: 
از‎ 
=o 
als 
= 361 
SO 
=34. 
m 
x92. 
306 
=D 
=28. 
ZA 
As 
226 
-28. 
EN 
- 2 
-34 . 
SSE 
3% 
"0525 
290; 
SU 
ME 
OR 


— 


SE 


‚PRE-RUN 
n emin.) 
010 0 
020 9 
030 3 
100 1 
Emin.) f (Hz) 
18 561 0 
21 561.3 
24 561.6 
D 561.9 
30 562.2 
33 562.5 
36 562.8 
39 ور‎ 
42 563.4 
15 563.7 
48 564.0 
51 564.3 
54 564.6 
57 564 .9 
60 565 2 
63 565.5 
66 565.8 
69 566.1 
12 566.4 
75 566.7 
78 567 0 
81 569-3 
84 567.6 
87 567.9 
90 568.2 
93 5685 
96 568.8 
99 569.1 
102 569.4 
105 569.7 





FABLE VITIT CORE.) 


POST-RUN 
n eimın.) fa E, f. 0 E 
010 106 565745 563.29 564.4 261 0 -3 
020 PrO ۱١ 2-7 1230206 1151 6 376 29424 x 0۰ 
030 108 1697.48 1693.66 1695.6 444 eso x لا‎ - 
100 ir? JAS 7 136.58 iyu 368 Fees x 10 
AVERAGE VALUES OF Q'S AND E'S 
n Q E 
010 257 0 _3 
020 2717 Za DEDE 105 
030 450 TA SS 10_3 
100 363 To O 


2 





Q E 
255 0 
O 
445.8 4.35 x 10_, 
te 
— FP 
0.0022 -1. 
0.0024 -1 
0.0026 -1 
0.003 -1 
0.0039 -0 
0.0056 -0 
0.0087 -0 
0.011 -0 
0.011 SÉ 
0.0087 0. 
0.0059 0. 
0.004 0. 
0.0033 3 
0.0027 ie 
0.0024 i 
— 
= 2» 
- 2. 
- 7 
- 2 
- 3. 
- 3. 
C R 
ER 2. 
Q E 
257.49 0 » 
oo COE. 
EZ OE: 
335.9 5.39 x 10 


TABLE IX 


22) 


S 
LISE 
1698975 
es 


0122 


یي قن ی یي تق می يی ك كت ی DI‏ كك ق © @ OO OS OOO‏ هت © 
© 
کو 
00 


f 

r 

8 566 
24 .1132 
19015 
5 ورز11 


(See Fig. 


E: 
564.78 
12956 
1696 56 
11358 868 


f 
u 
567 
1132.66 
2200237 
21239290 


PRE-RUN 
n Emin.) 
010 0 
020 5 
030 3 
100 7 


PENITE-AMPLITUDE RUN 


V3 (dB) 


zoli 
Ed 
= 
-49 . 
> 
-43. 
-40. 
E 
-38. 
-40 
436 
-46. 
-48. 
220% 
oe 


hA p XO mp C 4 O ند‎ 


HIN R ON R 


Si 

565. 38 
1730658 
1698.28 
1117 55 


45 


V5 (dB) 


229: 
= 27% 
226: 
24 
S. 
2225 
Er 
2 
-24 
S 
275. 
=28. 
291 
220 
=o. 
Zl 
2 
Ze 
=. 
— 
oe 
-36. 
S959. 
- زو‎ 


حل ل خل 00 On) Br‏ 


OO H‏ نم فا ل نم ON VI 0) 00 N ٥‏ )0 تفريم 


۳ 
u 
262509 
IES و‎ 
17021 
1140.75 


emin.) f (Hz) 
TI 55959 
14 564.2 
17 564.5 
20 564 8 
23 565 1 
26 565.4 
29 565,7 
E» 566.0 
B5 566.3 
38 566.6 
11 566.9 
44 567.2 
47 5505 
50 567.8 
53 5681 
56 568.4 
59 568.7 
62 569.0 
65 569.3 
68 569.6 
ELI 569.9 
74 370:2 
p 5705 
80 570.8 
POST-RUN 

n i min.) 
010 76 

020 82 

030 79 

100 84 





TABLE IX (Cont...) 


AVERAGE VALUES OF Q'S AND E'S 


n Q E 

نم 0 19 259 01/0 
AO SAO‏ 7ه 92 د 020 
١١‏ ج 055 34 450.8 030 
x 10‏ دک 35388 100 


74 





TABLE X 


SES 


(See Fig. 24) 
PRE-RUN 
n emin.) fa t. t. Q E 
010 0 564.95 562.8 563.9 269.8 0 E 
020 3 1129.48 1126.58 1127.93 388.97 11.53 x 10 
030 2 1695.87 1691.96 1693.9 433 13 x 1074 
100 5 112422 M 111 6 11 375.3 4.85 x 1073 
FINITE-AMPLITUDE RUN 
t(min.) £(Hz) V.) (dB) V, (dB) V/V, V/V; FP 
8 562.0 O 0.0228 = E 
01 562.3 E IMS 0.0239 = E 
14 562.6 ESOS 0.0259 = = 
17 562.9 -29.1 -52.4 0.0318 0.0022 E 
20 BOE 2275 507 0.0383 0.00265 = 
23 563.5 -25.5 -47.5 0.0483 0.00383 -0 
26 563.8 EDEN -44.0 0.0587 0.00574 -0 
29 564.1 2209 -40.9 0.065 0.0082 0. 
32 564.4 222 49 ESOS 0.065 0.00985 0. 
35 564.7 10 ET 0.0573 0.0093 0. 
38 565.0 -25.5 -416:2 0.0483 0.00666 0. 
41 565.3 EU 219.7 0.0396 0.00445 0. 
44 565.6 = 2056 -50.2 0.0337 0.00333 0 
17 565.9 EMO -51.7 0.0287 0.0028 0. 
50 566.2 ES ESO 0.0233 0.00218 0. 
53 566.5 229.5 0.0215 3 1 
56 566.8 Sy 0.0188 - iL: 
59 567.1 -34.6 0.0169 E 1. 
62 567.4 -35.8 0.0147 - ie 
65 567.7 EE o 0.0134 - l. 
68 568.0 ESOS 0.0131 ۳ A 
pl 568.3 1 dl AOS = 1 
74 568.6 EUM. 0.0117 E 2 
p 568.9 238 2 0.0111 = 2 
80 569.2 con] 0.105 8 2 
83 569.5 -39.8 0.0093 - 22 
86 569.8 -40.8 0.0083 z 21 
POST-RUN 
n EIDEM. ) ta t. t. Q E 
010 87 565.48 563.35 564.42 264.9 0 5 
020 وه‎ IED SO SO 2720531 (OS 
030 og 1697.15 1698.88 1695.27 449.7 11.87 x 10, 
100 91 SFL ILS TES ly 268223) 4.72 < 10 





TABLE CONE.) 


AVERAGE VALUES OF Q'S AND E'S 


5 Q E 

010 261235 0 E 
020 383 3.415" X 10_4 
0350 441 2.435822 10_, 
TOQ E 4. os" LO 
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TABLE XI 
(See Fig. 25) 


PRE-RUN 
1 emin.) د‎ E, f Q E 
010 0 562.685 560.65 561.6675 276 0 E 
020 5 1153 1123.86 1125.295 392 16.3 x 10_, 
030 3 1688.36 1684.95 1686.555 467.2 8.6 X 10_3 
100 7 11105 1127.96 1294 310 923 10 
FINITE-AMPLITUDE RUN 
Emain.) 12022) V. (GB) V, (cB) VAN: VA/V4 FP 
10 567.0 -4 4 . 4 - 0.00574 - Saar 
13 566. 7 -43.1 - 0.00666 - 4.78 
16 566.4 -42.0 一 0.00756 - 4.438 
19 566.1 -41 3 = 0.0082 - 441 
22 565.8 -37.8 - 0-0122 一 3e 
25 53 5 -33.7 - 0.0196 - 2356 
28 565.2 -31.8 = 0.0244 - 3201 
o1 564.9 -31.2 -51.3 0.0265 0.00259 210 
34 564.6 -31.2 -50.1 0.0265 0.0297 2.43 
E 564.6 -29.9 -49.0 017 0.00338 211 
40 564.3 -28.2 -46.5 0057 0.0045 1 
43 564.0 -26.3 -44 0.046 0.006 UND 
46 565-7 -25.5 Y 020505 0.0078 1.099 
49 563.4 -26.2 -40.9 0.0466 0.00858 0.765 
52 563.1 -28 -40.7 020379 0.0087 0.47 
55 562.8 -29.9 -43 020305 0.00674 0.088 
58 56225 -31.2 -47.1 0.0262 0.0042 -0.24 
61 562.2 -32.6 -51.5 07022 0.0025 -0.58 
64 501.9 226 - 0.0198 一 -0.91 
POST-RUN 
n Cun.) fa E, E Q E 
010 72 563.67 561.63 562.65 29158 0 E 
020 76 1128.68 1125.36 1122 399.7 16.79 x 10 , 
030 74 1691.28 1687.73 1689.5 475.9 8.64 X 10_3 
100 77 1922734 1129.97 113514 394 .2 52 0 


AVERAGE VALUES OF Q'S AND E'S 


n Q 8 

@ 0 29 0 — 
020 39592855 LOSS x 10 , 
O30 415 S.62 x< 10_3 
100 ll ZY KE 10 
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TABLE XII 


(See Fig. 27) 

PRE- RUN 
n e(min.) E, t, f. Q E 
010 0 565 . 8 563.07 564.075 280.6 0 m 
020 4 i833. 05 145012 1131.575 23د‎ 55 31.16 x 10_, 
030 3 1697.52 1693.79 169576535 454860 21.07 X 10 , 
100 5 1128.91 1125.79 1112 دو‎ 361.3 -6.47 x 10 

FINITE-AMPLITUDE RUN 
Emin.) f (Hz) V, (dB) V_ (dB) ۷2/۷۰ vv FP 
7 561.0 -41.4 一 0.00826 一 一 3 
20 5613 - 4 > 0.0104 - -2 
23 561.6 -38.8 - 0.0111 = -2 
26 561.9 -39.3 - 0.0105 - -2 
29 562.2 -39.3 - 0.0105 - -1 
52 562.5 -39.1 - 0.0107 - -] 
355 562.8 -38.6 - 0.0114 - -1 
38 56 7 (1 -38.1 一 0.01208 2 seh 
41 563.4 -36.9 - 0.0138 - -0. 
44 563.7 -34.7 - 0.078 - -0. 
47 564.0 -31.5 -49.8 0.0258 0.00314 -0 
50 564.3 -28.5 -48 0.0364 0.00386 -0. 
33 564.6 -27 -47.7 0.0433 0.004 0. 
56 564.9 -25.9 -47.8 0.0492 0.00396 0% 
59 505 -25 -48.8 0.0546 0.00352 0. 
62 565.5 -24.1 -52 0.0606 0.00244 15 
65 565.8 -23.2 -47.9 0.0672 0.0039 1 
68 566.1 -23.1 un 0.0679 0.00663 1% 
21 566.4 -23.9 -42.4 0.0619 0.0073 E 
74 566.7 -25.5 -43.6 0.0515 0.0064 2 
۳1 567.0 -27.5 -45.4 0.0409 0.00515 2 
80 55795 -29.6 -48.0 020321 0.00386 2. 
83 567.6 -31.2 -50.0 0.0267 0.00307 SÉ 
86 567.9 -32.4 -51.7 0.0232 0.00252 3: 
89 568.2 -33.3 -52.9 0.0209 0.00219 5 

POST-RUN 
n t(min.) f E, E, Q E 
010 9] 565.63 563.58 564.605 252 0 er 
020 95 1134.13 11312 113525 386.57 30.06 x 10_, 
030 93 1699.08 1695.56 1697.32 482.2 20743 x 10_, 
100 97 1129.83 1126-85 1128.34 3/8.63 -8.32 x 10 
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FABLE XII (Cont. ) 


AVERAGE VALUES OF Q'S AND E'S 


n Q E 

010 278 0 — 
020 3872 7 30-617 د‎ 10 , 
030 468.4 20 995. SX 10, 
100 369.96 -7.4 x 10 
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UN < N O 


سا نوسيم نم رح رح رح رح رن رن 
o ۰ e e e ۰‏ 6 6 2 ۰ . 
نح AIP‏ تا نڅ zl Va‏ فا ل حير 
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TABLE XIII 
(See Fig. 28) 


PRE-RUN 

n t (min. ) e ft f. Q E 

010 0 560.4 558.36 559.38 274:2 0 -4 

020 6 112375 1120783 1122229 OSO 30:11 x 10_, 

030 3 1۱ 35 1679.91 1681.67 477.7 20.31 X 10_, 

100 8 1009240 116. 71 1113.22 371.5 -7.15 x 10 

FINITE-AMPLITUDE RUN 

t(min.) f (Hz) V. (GB) V4 (GB) V/V V3/V1 FP 

T3 555.0 SUP = 0.0093 = -4.53 
16 555.3 -37.4 - 0.00899 - -4.28 
19 555.6 -36.9 - 0.0095 - 

D 555.9 -36.5 -52.5 0.00997 0.00158 -3.77 
25 55072 -36.1 -52.4 0.0104 0.00159 -3.53 
28 556.5 -35.9 5 0.0107 0.0017 -3.28 
31 556.8 -35.4 -52.6 0.0113 0.00156 -3.03 
34 Ss -35.1 -52.2 0.0117 0.00163 -2.78 
37 557.4 - 1 -52.4 020177 0.00163 -2.53 
40 55797 -34.5 -52.8 020725 0.00152 -2.82 
43 558.0 EG -52.6 0.0136 0.00156 -2.03 
46 556.3 -33.1 -52.0 0.0148 0.00167 Se 
49 558.6 -32.4 -52.0 0.0160 0.00167 -1.52 
52 558.9 -32 =5 15 0.0167 0.00177 -1.28 
55 5591. 2 E 251-0 0.0183 0.00187 -1.03 
58 5591. 5 -30.1 -49.8 0.0208 0.00215 -0.79 
6l 559.9 -28.4 -47.5 0.025 0.0028 -0.54 
64 560.1 0500 -45.1 020338 0.0037 -0.296 
67 560.4 -23.4 -42.7 0.0445 0.00488 -0.04 
70 560.7 -22.1 -41.1 020523 0.00587 

JE 561.0 -20.6 -39.1 0.0622 0.0074 

76 561.3 -19.8 -37.6 0.0682 0.00878 

79 561.6 -18.6 -36 0.078 0.0105 

82 561.9 -17.6 -35 0.0879 0.0118 

85 552.2 -16.9 -34.6 0.0952 0.0124 

88 562.5 S —34.8 0.0997 0.0121 

91 562.8 -16.9 -35.8 0.0952 0.0108 

94 563.1 -17.7 -37.4 0.0868 0.00899 

97 563.4 -19.1 -39.4 0.0739 0.00714 
100 563.7 -20.4 -41.1 0.0639 0.00587 
103 564.0 -21.4 -42.6 0.0567 0.00494 
106 564.3 -23.1 -45.1 0.0466 0.0037 
109 564.6 =23.8 -46.5 0.043 0.00315 
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TABLE XIII (Cont.) 


POST-RUN 
n teun.) fa f. f. Q E 
010 100 561.97 559.96 560.97 279.1 0 -4 
020 104 1126.94 1123.95 1125.45 376.4 3530211 10_, 
030 102 1688.24 1684.68 1686.46 473.7 20.56 X 10_4 
100 107 1122.96 1119.88 1121 2 364.1  -6.4 x 10 


AVERAGE VALUES OF Q'S AND E'S 


n] Q E 

010 276.65 0 = 

020 380.4 30.16 x 10_, 
| 030 475.7 20.44 x 10_, 
| 100 367.8 -6.775 x 10 
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